INTRODUCTION
Situation awareness (SA) has been highlighted as an essential prerequisite for safe flight operations. Aviation psychologists have focused on the cognitive components of SA because of the increasing demands that performing the multi-tasks in the automated cockpit place on pilots' information processing (4) . Flying an aircraft is comprised of a series of cognitive processes. Pilots not only have to follow procedures to ensure appropriate monitoring, command, control and communication, but also have to problem-solve in dynamic and ambiguous situations. The information processed by pilots is mostly acquired by visual scans of the displays in the cockpit and research has shown that 75% of pilot errors result from poor perceptual encoding (12) .
Consequently, visual perception underpins a pilot's SA and decision-making. For example, the accident involving Flight SQ006 which occurred at Taipei Airport in 2001 largely resulted from the lack of SA by the pilots and an incursion onto a closed runway due to poor visual perception of the airport environment. SA is a key component in human information processing, and as the basis for a pilot's decision-making (23) . SA ensures that dynamic changes within environment are identified by pilots. Theoretically, SA operates at three levels: the perception of the cues, the comprehension of their meaning, and the projection of their status in the near future (5) .
Attention is usually allocated to the area where the eyes are focused, though Posner (18) found pilots could shift their attention without moving their eyes. Lavine et al (14) suggested that visual attention is an initial step prior to the cognitive process and that information from the visual senses is closely associated with a pilot's attention allocation. Furthermore, as attention plays a central role in cognitive processing, eye movements may serve as a window into the visual scan pattern for acquiring SA and for reflecting the mental state of pilots. Previous studies have observed that human visual behavior is tightly linked with attention (7, 22) , which is influenced by the environment in which the pilot is operating (23) .
It has also been proposed that more experienced pilots could apply peripheral vision to process the objects within their visual field (13, 24) . Furthermore, due to the limited capacity of a human's working memory, it is necessary to focus attention on the most critical task at hand and ignore stimuli from the environment when selecting the visual channel to be attentive to (10) . If a pilot distributes attention across complex interfaces of displays in the cockpit, it will severely influence his/her holistic SA performance (5) . It has been observed in a previous study that pilots' experience and knowledge determine where to focus their attention and what information to acquire. Expert pilots are not only able to quickly shift attention to acquire significant information efficiently, but can also decide faster than novice pilots which are the higher priority tasks on which to focus (1, 24) .
Eye movements are associated with attention allocation (8, 18) .
There are three states of eye movements within the human visual field in which objects can be identified with or without the need for an eye or head movement (20) . One argument concerning eye movement has focused on two approaches: top-down and bottom-up visual processes.
Nevertheless, eye movements can be useful cues to indicate a pilot's current cognitive state and to explore their operational behavior (7).
For instance, fixations distributed on relevant areas of interest (AOIs) can be not only appropriate indicators to evaluate a pilot's expertise level, but can also be critical elements of a pilot's SA performance (2, 19) . Furthermore, the percentage of time fixating on the relevant AOIs is also an index to predict a pilot's overall SA level and error detection (15) . Hence, the distribution of their fixations and visual time on interesting and informative regions is related to attention allocation; and this can support mechanisms for those factors that will be considered to help build a pilot's SA (11) .
On the other hand, if a pilot over-concentrates on some AOIs or information displays it can result in tunnel vision and poor SA (16) . Therefore, it is necessary to observe a pilot's visual traces at the very early phases of flight training in order to correct inappropriate scan patterns to avoid loss of SA in time-limited situations.
Lack of visual attention is an indicator of missing SA, and missing SA awareness is a known contributing factor in aviation accidents (4) .
Pilots have to recognize and interpret the visual cues based on displays of instruments (AOIs), and predict the subsequent impacts on the task and safety in constantly changing situations (3). Those cognitive processes produce the amount of mental loading that probably affects a pilot's holistic SA of environmental cues (25) . Furthermore, pupil size has been noted as one of the psychological indicators that can help to explore a pilot's mental process objectively, and pupil dilation is known to quickly respond to illumination and cognitive workload while performing a visual task (17, 21) . Compared with the issues of fixation and dwell duration, pupil size has rarely been studied, probably due to the impact from multiple factors such as cognitive workload, context complexity, environmental illumination and gaze angle. However, it has been noted as one of the psychological indicators that can help explore a pilot's mental process objectively (17) . Through the combination of an eye-tracking device and flight simulator, pupil size data can be collected for further analysis of pilots' cognitive processes for attention allocation and SA performance at certain phases of flight operations. This can then be correlated with training and evaluation in the future. 
METHODS

Subjects
Eighteen male military pilots who were qualified as mission-ready 
Scenario of Simulator:
The scenario was designed to replicate an air-to-surface task. It represented a challenging situation for subjects from hostile threats integrated with the high cognitive demand of a difficult task and uncertain levels of risk associated with an activated warning light indicating generator failure.
Subjects not only had to execute tasks precisely by operating the aircraft, but also had to follow the navigation system and enter the appropriate codes by using various flight deck interfaces.
Simultaneously, subjects had to intercept the proper route and turn toward the target at an altitude of 500 feet with a speed of 500 knots indicated air speed (KIAS). They then performed a steep pop-up manoeuver to increase altitude abruptly for appropriate target reconnaissance, followed by a dive and roll-in toward the surface target to avoid hostile radar lock-on. When approaching the target, subjects had to roll-out, level the aircraft, aim at the target, release the weapon, and finally pull-up with a 5-5.5 G-force to break-away from the range. to the target and breaking away. All subjects' eye movement data were analyzed for the same period of time based on those critical 60 seconds of the air-to-surface task, although subjects took between 185 and 293 seconds to complete the total task in the flight simulator.
Procedures
All subjects undertook the following procedures; (1) the subject completed the demographical data on the performance evaluation form including rank, job title, age, qualifications, type ratings and total flight hours (5 minutes to complete); (2) a short briefing explained the purposes of the study and introduced the air-to-surface scenario, without mentioning any potential aircraft equipment failure (10 minutes); (3) the subject was seated in the simulator and the eye tracker was put on for calibration by using three points distributed over the cockpit display panels and outer screen (10-15 minutes); (4) the subject performed the air-to-surface task and simultaneously the instructor at the simulator console panel was not only evaluating the subject's performance, but also recording their situational awareness by activating the 'generator malfunction light' during the highest workload phase (from roll-out to break-away). If the subject subsequently pushed the master caution light button and called 'Generator out', it was considered to indicate the subject's awareness of the potential risk and recorded as 'high SA'; if not, it was recorded as 'low SA' (3-5 minutes); (5) as soon as the subject completed the air-to-surface task, they were asked to evaluate their perceived workload by recording mental demand and perceptual activities such as thinking, decision, memory, observation and target searching for the air-to-surface task, using marks between 0 (no mental demand) and 100 (extremely high mental demand) (3-5 minutes). Approximately 40 minutes was required for each subject to complete the experiment. Table I gives the data for percentage of fixation and average 9 fixation duration in the five AOIs for eighteen subjects. The data for SA, perceived workload, percentage of fixation and average fixation duration in three critical phases including preparation, aiming, and release and break-away are shown as Table II. [ Table I here]
RESULTS
The 'percentage of fixation' variable is proportional data, and it is necessary to perform an arcsine transformation (9) . Therefore, There were significant differences in pilots' percentage of fixation in three operating phases, F (2, 51) = 115.44, p<.001, η2ρ = .87. Further comparisons using post-hoc Bonferroni-adjusted tests showed that pilots' percentage of fixation in the phase of preparation was significantly higher than in aiming and in release and break-away.
Also the pilots' percentage of fixation during the phase of release and break-away were significantly higher than during aiming. There were no significant differences on pilots' average fixation duration in three operating phases, F (2, 51) = 1.25, p>.05, η2ρ = .07.
There were significant differences in pilots' pupil size across the three operating phases, F (2, 51) = 10.07, p<.001, η2ρ = .37.
Further comparisons using post-hoc Bonferroni-adjusted tests showed that pilots' pupil size during the phase of preparation were significantly smaller than during aiming and during release and break-away. Also, a negative partial correlation was observed between pilots' SA performance and perceived workload when controlling for [ Table II The top-down visual process indicates that the pilot recognized the subsequent engagement, and planned the tactical strategies of the air-to-surface manoeuver by inputting navigation data into the ICP interface. The pilot has to move his fixations, shifting to the buttons of the ICP in order to guide his fingers to the specific button. When the processes of directing attention allocation are completed, the pilot relocates his fixations to the RMFD to determine if the waypoints are precisely displayed ( figure 1) . However, the key-in activities using peripheral vision last 2.5 seconds on average, which indicates that fixation and attention certainly aren't either overlaying at the same location nor at the same time. This finding was not consistent with previous research which proposed that when visual fixation focuses on a certain location, attention is also paid to this specific location (22) . In this study, pilots have a potential of 1,800 gaze Under conditions of controlled illumination in the training simulator, pupil size is an effective and reliable measure of mental workload. Pupil size can reveal the condition of cognitive load, and increases in pupil size correlate with increases in mental workload (21) . The findings of this research are consistent with previous research; pilots' workload at the aiming stage is the highest, followed by the stage of release and break-away; the lowest workload is the stage of preparation during the air-to-surface task.
Accordingly, Table II shows that pilots' pupil size at the phase of aiming is the largest, followed by release and break-away, and then preparation. On approaching the target, pilots have to roll-out, level off the aircraft, with only few seconds to aim at the target, release the weapon and pull-up with a 5-5.5 G-force to break-away from the range otherwise aircraft will be exposed to a hostile environment 
